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ZDWHU DQGZDVWH ODQGZKLFK LV GHVHUW7KLV HYDOXDWLRQ LV SHUIRUPHG WKURXJK D OLIH F\FOH DQDO\VLV VWXG\ZKLFK LV LPSOHPHQWHG
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ELRGLHVHO SURGXFWLRQ GXH WR LWV DELOLW\ WR VWUHQJWKHQ VRFLRHFRQRPLF GHYHORSPHQW LQ SRRU DUHDV WR ILJKW
GHVHUWLILFDWLRQDQGWRSURGXFHELRGLHVHODWWKHVDPHWLPHZKLFKUHVXOWHGLQKLJKLQWHUHVWIURPELRGLHVHOSURGXFWLRQ
SURMHFWV¶ VWDNHKROGHUV >@/LIH F\FOH DQDO\VLV LV VXSSRVHG WREH WKHPRVW DSSURSULDWHPHWKRGRORJ\ WR UHDOL]H WKH
SRVLWLYHHQYLURQPHQWDOLPSDFWVRI-DWURSKDELRGLHVHOXVHDQGSURGXFWLRQVXFKDV/LIHF\FOHDVVHVVPHQWRIELRGLHVHO
SURGXFWLRQ IURP-DWURSKDE\.DHZFKDURHQVRPEDW >@DQG*HQHULF OLIHF\FOHDVVHVVPHQWRI WKH -DWURSKDELRGLHVHO
V\VWHP >@ 7KH PDLQ PRWLYDWLRQ EHKLQG WKLV OLIH F\FOH DQDO\VLV LV WKH DEVHQFH RI DQ\ HQYLURQPHQWDO OLIH F\FOH













PHWKRGV+RZHYHU -DWURSKDQHHGV WREHFXOWLYDWHG LQ ODUJH ODQGDUHDV LQRUGHU WRSURGXFHELRGLHVHOYLDEOHDW WKH
FRPPHUFLDO OHYHO 5HFHQWO\ VRPH VWXGLHV RQ -DWURSKD VKRZHG WKDW LWV OHDYHV FDQ EH XVHG IRU FDUERQ GLR[LGH
DEVRUSWLRQVRLWKHOSVLQGHFUHDVLQJFDUERQFRQWHQWLQWRWKHDLU>@
/LIHF\FOHDQDO\VLVPHWKRGRORJ\
,Q WKLV SDSHU ZH SUHVHQW -DWURSKD ELRGLHVHO OLIH F\FOH DQDO\VLV ZKLFK LV EDVHG RQ LQYHQWRULHV IURP GLIIHUHQW
(J\SWLDQVRXUFHVIRU WKHSURGXFWLRQV\VWHPLQ(J\SW LQFOXGLQJVHYHUDOSURGXFWLRQVWHSVVWDUWLQJIURPFXOWLYDWLRQ 
KDUYHVWLQJDQGRLOH[WUDFWLRQWRWUDQVHVWHULILFDWLRQDQGWKHHQGXVHSURFHVVLQRUGHUWRSURYLGHDJHQHUDOYLHZRIWKH
HQYLURQPHQWDOSHUIRUPDQFHRI-DWURSKDELRGLHVHOSURGXFWLRQV\VWHPWKURXJKDVVHVVLQJHQYLURQPHQWDO LPSDFWVDQG
WKH LQIOXHQFH RI GLIIHUHQW XVHV RI E\ SURGXFWV RQ WKH -DWURSKD SURGXFWLRQ V\VWHP $ FRPSUHKHQVLYH /LIH F\FOH
DQDO\VLVDSSURDFK LVDJRRG WRRO IRUHYDOXDWLRQRI WKHRYHUDOOHQYLURQPHQWDO LPSDFW LQDKROLVWLFPDQQHUDQG WKXV
H[SORUHV WKHLPSDFWVDQGHQYLURQPHQWDOEHQHILWVRI WKH-DWURSKDEDVHGELRGLHVHO LQFOXGLQJWKHHYDOXDWLRQRISODQW
FXOWLYDWLRQ LPSDFWV SURFHVVLQJ LPSDFWV DQG ELRGLHVHO FRQVXPSWLRQ LPSDFWV UHXVH DQG HYHQWXDO UHF\FOLQJ RU
GLVSRVDO RI FXOWLYDWLRQ DQG SURFHVVLQJ E\SURGXFWV DQG ZDVWH /&$ LV D YLWDO GHFLVLRQPDNLQJ LQVWUXPHQW IRU
GHYHORSLQJ -DWURSKD ELRGLHVHO SURGXFWLRQSURFHVV VXFK/&$ VKRXOG LQFOXGH HQYLURQPHQWDO HFRQRPLF DQG VRFLDO
DVSHFWVWRPD[LPL]HEHQHILWVDQGSURILWV




LUULJDWLRQ DQG FXOWLYDWLRQ 7KH VFRSH RI WKH OLIH F\FOH DQDO\VLV DSSURDFK LV LPSOHPHQWHG DFFRUGLQJ WR WKH
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,QWHUQDWLRQDO 6WDQGDUG 2UJDQL]DWLRQ JXLGHOLQHV ,62  >@ DQG WKH HQYLURQPHQWDO LPSDFWV DVVHVVPHQW LV
H[HFXWHG WKURXJK 6LPD3UR /&$ VRIWZDUH &UDGOH WR ZKHHO OLIH F\FOH DQDO\VLV PHWKRG LV DSSOLHG RQ -DWURSKD
SURGXFWLRQV\VWHPLQ(J\SWLQFOXGLQJFXOWLYDWLRQKDUYHVWLQJRLOH[WUDFWLRQWUDQVHVWHULILFDWLRQDQGHQGXVHSURFHVV
,QIUDVWUXFWXUHDQGWUDQVSRUWDWLRQDUHLQFOXGHG
3.2. Functional unit 
7KHIXQFWLRQDOXQLWLVWKHSURGXFWLRQDQGXVHRIRQHWRQQHRI-DWURSKDELRGLHVHOE\DYHUDJHSLFNXSFDURQQRUPDO
URDG LQFOXGLQJSURGXFWLRQ VWHSV QHFHVVDU\ LQIUDVWUXFWXUH DQG WUDQVSRUWDWLRQ7KH FKRLFH RI RQH WRQQHRI -DWURSKD
ELRGLHVHODVIXQFWLRQDOXQLWPDNHLWPRUHXVHIXODQGHDVLHUWRXVHLQEHQFKPDUNLQJDQGFRPSDULQJZLWKIRVVLOGLHVHO
DQGRWKHUELRGLHVHOW\SHVZKHWKHUDWWKHFRPPHUFLDORUWKHHQYLURQPHQWDOOHYHO
3.3. Life cycle inventory and system boundaries 
,Q)LJZHFDQVHHWKUHHPDLQERXQGDULHVZKLFKDUHWKHQDWXUDOUHVRXUFHH[WUDFWLRQWKHV\VWHPERXQGDU\DQG
WKHH[SDQGHGERXQGDU\7KHV\VWHPERXQGDU\LQFOXGHVWKHPDLQVWHSVRIWKHOLIHF\FOHDQDO\VLVSURFHVVZKLFKDUH
VHHGV SURGXFWLRQ IRU SODQWDWLRQ -DWURSKD VHHGV IRU WKH SURGXFWLRQ SURFHVV RLO H[WUDFWLRQ WUDQVHVWHULILFDWLRQ DQG








SUHOLPLQDU\ WUHDWHG ZDVWH ZDWHU DFFRUGLQJ WR WKH (J\SWLDQ FRGH RI ZDVWH ZDWHU XVH LV XWLOL]HG DV D SDUW RI WKH
ZDWHULQJ V\VWHP RI LQGXVWULDO RLO \LHOGV DV -DWURSKD >@ 6HHGOLQJVZHUH JHQHUDWHG E\ SODQWLQJ -DWURSKD VHHGV LQ
SRO\HWK\OHQHGDUNVDFNVLQQXUVHULHVDQGWKDWZHUHXSURRWHGEHIRUHSODQWLQJLQJDSV[[FPLQVDQG\GHVHUW
VRLO>@6HSDUDWLQJLQ-DWURSKDWUHHVSODQWDWLRQVZDV[PZKLFKLPSOLHVVHHGOLQJKD>@
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7KH-DWURSKDELRGLHVHOPRGHOOLIHF\FOHDQDO\VLVLVGRQHIRUWZRPDLQVFHQDULRV7KHILUVWLVWKHHFRQRPLFEDVHG
RUEXVLQHVVDVXVXDOVFHQDULRKHUHDIWHUFDOOHGEDVHVFHQDULRZKLFKUHIHUVWRDW\SLFDOLQGXVWULDOL]HGVFHQDULRIRUWKH
ELRGLHVHO SURGXFWLRQ XVLQJ -DWURSKD ZLWK WKH SULRULW\ WR PD[LPL]H WKH HFRQRPLF EHQHILWV RI SURGXFWLRQ RYHU
HQYLURQPHQWDO DQG VRFLDO EHQHILWV WKURXJK DSSO\LQJ KLJK HIILFLHQW DJULFXOWXUDO DQG H[WUDFWLRQ WHFKQRORJLHV WR
LQFUHDVHSURGXFWLRQUDWHVUHGXFLQJH[SHQVHVDQGZRUNLQJKRXUV7KHVHFRQGVFHQDULRLVDKXPDQODERXUVRFLDOEDVHG
VFHQDULR KHUHDIWHU FDOOHG VFHQDULR $ DW ZKLFK WKH SULPDU\ SULRULWLHV DUH JLYHQ WR WKH HQYLURQPHQWDO DQG VRFLDO
EHQHILWV RYHU HFRQRPLF IHDVLELOLW\ $Q DPRXQW RI  WRQQH RI -DWURSKD FUXGH RLO LV QHHGHG WR SURGXFH  WRQ
-DWURSKDELRGLHVHO'XH WR WKH ORZHUH[WUDFWLRQHIILFLHQF\RI WKHUDPSUHVVDQGDYRLGLQJKH[DQHXVHZHZLOOQHHG




'DWD %DVHVFHQDULR 6FHQDULR$ 6RXUFH
/DQG>KD@   >@
6HHGV>.J@   >@
3RO\HWK\OHQHEDJV>XQLWV@   >@
6HHGOLQJRUJDQLFPDQXUH>.J@   >@
6HHGOLQJLUULJDWLRQ>OLWHUVHHGOLQJ@   >@
,UULJDWLRQHOHFWULFLW\KSSXPS>N:K@   >@
:DVWHZDWHUIRULUULJDWLRQ	IHUWLOL]DWLRQ>P\HDU@   >@
+XPDQHQHUJ\>0-@   >@
3RO\HWK\OHQHZDVWH>.J@   >@
)UXLWKXOOV>WRQQH@   >@
1LWUDWH12(PLVVLRQVWRZDWHU>.J@   >@
3KRVSKDWH32(PLVVLRQVWRZDWHU>.J@   >@
$PPRQLD1+(PLVVLRQV>.J@   >@
7UDFWRUILHOGSUHSDUDWLRQ>KRXUV@   >@
7UDFWRUWUDQVSRUWIURP/X[RUFLW\ .PE\WRQQHV7UXFN .PE\WRQQHV7UXFN >@
6HHGVWUDQVSRUWIURP6XGDQ .PE\WRQQHV7UXFN .PE\WRQQHV7UXFN >@

































'DWD 7UDQVHVWHULILFDWLRQ 7UDQVHVWHULILFDWLRQ 6RXUFH
-DWURSKDFUXGHRLO>WRQQH@   >@
0HWKDQRO>.J@   >@
1D2+FDWDO\VW>.J@   >@
+32IRU*O\FHULQHSXULILFDWLRQ>.J@   >@
(OHFWULFLW\>.ZK@   >@
*O\FHULQH>.J@   >@
)UHHIDWW\DFLG>NJ@   >@
0HWKDQROWUDQVSRUWIURP'DPLHWWD .PE\WRQV7UXFN .PE\WRQVWUXFN >@
-DWURSKD%LRGLHVHO>WRQ@   
)ORZV (QG8VH (QGXVH 6RXUFH
128   Mohamed Marwan Fawzy and Francesco Romagnoli /  Energy Procedia  95 ( 2016 )  124 – 131 
1LWURJHQ2[LGHV.J   >@
























DOWHUQDWH RSWLRQ LV WR XWLOL]H WKH RXWFRPHV WKHVH LPSDFWV ZLOO KDYH LQ WKH VDPHZD\ DV GLPLQLVK ELRGLYHUVLW\ RU









7KH FKDUDFWHUL]DWLRQ FDWHJRU\ LQGLFDWHV WKH LPSDFW SRWHQWLDO RQ QDWXUH IURP D FHUWDLQ VXEVWDQFH FRPSDUHG WR
GLIIHUHQWVXEVWDQFHVLQWKHVDPHFODVV7KHFKDUDFWHUL]DWLRQFKDQJHVRYHUWKHUHOHJDWHG/&,UHVXOWVWRWKHEDVLFXQLW
RI WKH FODVV SRLQWHU -DWURSKD ELRGLHVHO EDVH VFHQDULR VKRZV KLJK HQYLURQPHQWDO EHQHILWV +RZHYHU LW VKRZV
VLJQLILFDQWQHJDWLYHLPSDFWVFRQFHUQLQJLRQL]LQJUDGLDWLRQDQGODQGRFFXSDWLRQ-DWURSKDVFHQDULR$JHQHUDOO\VKRZV
QRW DV JRRG HQYLURQPHQWDO SHUIRUPDQFH WKDQ WKH -DWURSKD EDVH VFHQDULR ZKLFK LV PRVWO\ GXH WR HOLPLQDWLRQ RI
KH[DQHIURPWKHRLOH[WUDFWLRQVWDJH+RZHYHUWKHJUHHQPRGHOVKRZVOHVVQHJDWLYHHQYLURQPHQWDOLPSDFWVSRWHQWLDO
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HQYLURQPHQWDOEHQHILWVUHJDUGLQJWHUUHVWULDOHFRWR[LFLW\7KHIRVVLOGLHVHOPRGHOGRHVQRWVKRZDQ\HQYLURQPHQWDO









D      E
)LJD-DWURSKDELRGLHVHODQGIRVVLOGLHVHOZHLJKWLQJFRPSDULVRQE-DWURSKDELRGLHVHODQGIRVVLOGLHVHOVLQJOHVFRUHFRPSDULVRQ

$ VLQJOH VFRUH UHSUHVHQWV WKH WRWDO ORDG RI WKH SURFHVV RQ WKH HQYLURQPHQWZKLFKPDNHV LW WKH EHVW RSWLRQ WR





PDLQDGYDQWDJHRI WKH-DWURSKDELRGLHVHOKXPDQODERXUPRGHO LV WKDW LWVKRZVHQYLURQPHQWDOEHQHILWVFRQVLGHULQJ
HFRV\VWHPTXDOLW\7KHIRVVLOGLHVHOPRGHOVKRZVQHJDWLYHHQYLURQPHQWDOLPSDFWVPRVWO\FRQVLGHULQJUHVRXUFHVDQG
FOLPDWHFKDQJHEXWLWGRHVQRWVKRZDQ\HQYLURQPHQWDOEHQHILWV
(QYLURQPHQWDO OLIH F\FOH DQDO\VLV DQG HQHUJ\ EDODQFH FDQ EH FRQVLGHUHG DV D EDVLF VWHS LQ EHQFKPDUNLQJ
DQDO\VLV(LLVDQHQHUJ\EDODQFHLQGLFDWRUZKLFKUHSUHVHQWVWKHUDWLRRIWKHHQHUJ\FRQVXPHGLQIXHOSURGXFWLRQLQ
WHUPVRIQRQUHQHZDEOHVRXUFHVDQGWKHELRGLHVHOIXHOHQHUJ\LQWHUPVRIFDORULILFYDOXH>@:HVKRXOGXQGHUVWDQG





























































































UHQHZDEOH HQHUJ\ VRXUFH XVLQJ WKH (QHUJ\ LQGLFDWRU (L SUHVHQWHG DV EHQFKPDUNLQJ ZLWK YDOXHV ± DQG ±
UHVSHFWLYHO\(YHQZKHQH[FOXGLQJDYRLGHGSURGXFWVWKHEDVHVFHQDULRPRGHOVKRZVDQ(LYDOXHRI±ZKLFKFRQILUPV
WKH-DWURSKDELRGLHVHODVDVRXUFHRIUHQHZDEOHHQHUJ\$YRLGHGSURGXFWVVOLJKWO\LPSURYHWKHHQYLURQPHQWDOSHUIRUPDQFH
RI WKH(J\SWLDQ -DWURSKDELRGLHVHOPRGHO WKHPDLQ UHDVRQEHKLQG WKHLU OLPLWHGHQYLURQPHQWDOEHQHILWV LQ WKH -DWURSKD
PRGHOLVWKDWLWVHIIHFWLVUHODWLYHO\VPDOOLIFRPSDUHGWRWKHKXJHHIIHFWRIWKHPRGHOLWVHOIFRQFHUQLQJZDVWHODQGZDVWH
ZDWHU DQG QRW XVLQJ IHUWLOL]HUV RU SHVWLFLGHVZKLFK FRQILUP WKH XQLTXHQHVV RI WKH (J\SWLDQ -DWURSKD ELRGLHVHOPRGHO
+RZHYHUWKHLUHQYLURQPHQWDOEHQHILWVFDQEHFOHDUO\REVHUYHGUHJDUGLQJWKHUHVRXUFHVHQGSRLQWLPSDFWFDWHJRU\
7KH -DWURSKD ELRGLHVHO EDVH VFHQDULR VKRZV VLJQLILFDQW QHJDWLYH HQYLURQPHQWDO LPSDFWV FRQVLGHULQJ LRQL]LQJ
UDGLDWLRQDQG WHUUHVWULDOHFR WR[LFLW\PLGSRLQW LPSDFW FDWHJRULHVZKLFKZHUHSULPDULO\ UHODWHG WR -DWURSKD WR[LFLW\
DQGKH[DQHXVH LQ WKHRLOH[WUDFWLRQSURFHVV+RZHYHUZKHQ-DWURSKDKXPDQ ODERXUVFHQDULR$ LVDSSOLHGZKLFK
H[FOXGHVKH[DQHVROYHQWIURPWKHRLOH[WUDFWLRQSURFHVVLWUHVXOWHGLQHQYLURQPHQWDOEHQHILWVFRQVLGHULQJWKHVHWZR
PLGSRLQW LPSDFWV VR LW FDQEH FRQFOXGHG WKDW WKHXVH RIKH[DQH LV WKHPDLQ UHDVRQ IRU WKHVH VLJQLILFDQW QHJDWLYH
HQYLURQPHQWDO LPSDFWV 8QIRUWXQDWHO\ WKH PDLQ GUDZEDFN RI VFHQDULR $ LV LWV ORZ HQYLURQPHQWDO EHQHILWV
FRQFHUQLQJ KXPDQ KHDOWK DQG FOLPDWH FKDQJH LI FRPSDUHG WR WKH EDVH VFHQDULR ,W LV LPSRUWDQW WR PHQWLRQ WKDW
KH[DQH LVSURGXFHG IURP UHILQLQJFUXGHRLO VR DFFRUGLQJ WR(FRLQYHQWGDWDEDVH LQ6LPD3UR LW LV FRQVLGHUHGDV D






HQYLURQPHQWDO LPSDFWV FRQVLGHULQJ WKH XVH RI UHVRXUFHV -DWURSKD ELRGLHVHO EDVH VFHQDULR VKRZV VOLJKWO\ KLJKHU
QHJDWLYHHQYLURQPHQWDOLPSDFWVRQWKHHFRV\VWHPTXDOLW\LIFRPSDUHGWRWKHQHJOLJLEOHHIIHFWRIIRVVLOGLHVHOZKLFK
LVUHODWHGWRWKHHIIHFWVRIWKHXVHRIZDVWHZDWHULQWKH-DWURSKDEDVHVFHQDULRDQGLQJHQHUDOGXHWRODQGXVHHIIHFWLQ
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&RQFOXVLRQ
7KH PDLQ DFKLHYHPHQW RI -DWURSKD KXPDQ ODERXU VFHQDULR $ LV LWV DELOLW\ WR GHOLYHU HQYLURQPHQWDO EHQHILWV
UHJDUGLQJ HFRV\VWHPTXDOLW\ FRQVLGHULQJ WKDW WKHPDLQ GUDZEDFNRIPRVW RI ELRGLHVHO SURGXFWLRQ SURFHVVHV LV LWV
QHJDWLYH HQYLURQPHQWDO LPSDFW RQ HFRV\VWHP TXDOLW\ +RZHYHU WKH PDLQ GUDZEDFN IRU -DWURSKD KXPDQ ODERXU
VFHQDULR$LVLWVQHJDWLYHHQYLURQPHQWDOLPSDFWRQKXPDQKHDOWKDQGUHVSLUDWRU\RUJDQLFVZKLFKLVPRVWO\UHODWHGWR
WKHPDQXDO RLO H[WUDFWLRQGXH WR -DWURSKD WR[LFLW\ DQGKXPDQ HIIRUW LPSOHPHQWHG VR SURWHFWLYHPDVNV DQG VDIHW\
HTXLSPHQWVKRXOGEHSURYLGHGWRODERXUHUVLQWKH-DWURSKDELRGLHVHOSURMHFWVDQGZRUNLQJVFKHGXOHVVKRXOGLQFOXGH
DSSURSULDWHZRUNLQJKRXUVZLWKUHIUHVKLQJEUHDNVDQGPHDOV
-DWURSKD LVPRUH WKDQ D ELRGLHVHO FURS DV LW LV FRQVLGHUHG DV DPHWKRG WR ILJKW GHVHUWLILFDWLRQ DQGSUHSDUH WKH
GHVHUW ODQGIRUIRUHVWDWLRQVR-DWURSKDDJULFXOWXUH LQ WKHGHVHUWFDQWXUQEDFNWKHFDUERQFORFNGHFUHDVLQJFDUERQ
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